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Description 

It is common practice to convert a mass of particulate metal ore material into pellets by distributing a 
binder throughout the particulate ore In the presence of an activating amount of water to form a 

5 homogeneous moist pelletlsable mixture and pelletising this mixture, generally by balling or other conven- 
tional pelletising techniques. The strength of the pellets is generally Improved by firing the pellets. 

The binder has traditionally been bentonite clay but various proposals have been made to use organic 
polymeric binders. Naturally occurring polymers have been proposed, including cellulose polymers sold 
under the trade name Perldur. but they are not entirely satisfactory and, in particular, it can be rather 

10 difficult to regulate accurately their addition to the particulate material. Synthetic polymers have also been 
proposed for very many years but their use also has Incurred difficulties. For instance, recently it is 
proposed in U.S. 4,767.449 and 4.802,914 to use dispersions or dry polymers alone or with bentonite, and 
included amongst the polymers that are proposed are certain anionic dry polymers (table 2 column 14 U.S. 
4,767,449). The materials listed there under the trade name Percol have relatively high particle size, for 

75 instance above 700um. The results obtainable with large particle size products such as these are not 
entirely satisfactory and in particular there is a tendency for the resultant pellets to be contaminated by dust 
that Is stuck to the surface of the pellets and which is then blown off the pellets during the subsequent 
metallurgical use of them. This dusting problem is thought to be due to the pellets having a surface that Is 
stickier than desirable. Whatever the cause, the pellets suffer from the disadvantage that when air is blown 

20 through a bed of them metal ore dust is entrained in the air and carried out of the furnace. This can create 
undesirable pollution problems and undesirable wear on blowers and other parts of the furnace and 
apparatus associated with the furnace. 

In EP 225.171 and 288,150 particular synthetic polymers are proposed and dry particles of these 
polymers should have a size of from 20 to 300um, often at least 50% below 100um. 

25 The use of these smaller particles tends to give improved pelletising performance (including reduced 
dusting problems) but does Incur some handling problems. If the particles are in the form of beads made 
by reverse phase polymerisation there is a tendency for them to be contaminated by materials that may 
alter the surface tension of the particles, and potentially therefore their pelletising performance. Generally 
therefore the particles are comminuted gel particles. However handling the very small comminuted gel 

30 particles can itself cause difficulties partly because of the risk of polymer fines being blown from the mixing 
stage and partly because the flow properties of the particles are not entirely satisfactory and so accurate 
dosing of the particles into the particulate material can be difficult. 

According to the invention, pellets of a particulate metal ore are made by distributing a binder 
comprising water soluble polymer particles throughout the particulate ore in the presence of an activating 

35 amount of water to form an initial mix, homogeneously mixing the initial mix to form a moist pelletisable 
mixture and pelletising the pelletisable mixture by a pelletisatlon technique that is not a compression 
technique, and in this process the binder comprises aggregates of the polymer particles, the aggregates 
have a size mainly above 100jJ,m and the aggregates are disintegrated during the process. 

The invention combines the advantages of the use of very small polymer particles, from the point of 

40 view of pelletising performance and minimisation of dust problems, with the easier handling properties 
associated with the use of large polymer particles. The pellets can have a more uniform shape in the 
invention than when using other polymer binders. 

Handling of the polymeric binder is greatly facilitated (relative to the handling properties of the particles) 
since the coarse aggregates can be handled more easily to obtain more uniform flow and with a minimum 

45 of dusting problems. However this improved handling is not accompanied by a loss of binding properties. 
This appears to be because the aggregates break down during the mixing, mainly into the component 
particles, and the binding properties are then influenced to a large extent by these component particles 
rather than the initial aggregates. Thus it Is possible to select aggregates of a size that give optimum 
handling and flow properties and which are formed from particles that are of a size that give optimum 

50 binding properties. 

Since the aggregates are disintegrated during the process, bonding performance in the pellets does not 
suffer from the normal disadvantages of large polymer particles, and in particular it Is possible to avoid the 
sticky surface characteristics, and consequential dusting problems, conventionally associated with the use 
of large polymer particles. The pelletising properties are generally therefore at least at good as the 
55 pelletising properties that would be expected if the constituent particles of the aggregates had been added 
in conventional particulate form, but in practice we find that in many instances the pelletising properties are 
improved even over this. For instance the dry strength is frequently improved both over the dry strength 
that would be expected for single particles having the size of the aggregates and over the dry strength that 
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would be expected from the individual particles in the aggregates. 

The aggregates must be disintegrated during the process in order that the constituent polymer particles 
are distributed throughout the moist mixture and can act homogeneously as a binder throughout the 
mixture. Although some of this disintegration may occur very soon after the start of mixing, we have found 

5 that the performance is often improved if the disintegration is substantially delayed, and In particular it is 
desirable that most at least of the disintegration is delayed until after the binder has been distributed 
substantially uniformly throughout the initial mix. Having achieved this substantially uniform distribution of 
aggregates throughout the mix, further mixing is conducted in conventional manner so as to achieve the 
desired homogeneous, moist, pelletisable mixture. In practice, it is conventional to use a single mixing 

70 operation, wherein the early stages of the mixing achieve the distribution of the binder substantially 
uniformly throughout the initial mix, and the later stages of the mixing achieve the desired homogeneous 
mixture. Thus the ideal mechanism appears to be that the aggregates should become mixed substantially 
uniformly into the mass whilst still retaining most of their aggregated form, and that they should 
distintegrate only after they have become substantially uniformly mixed into the mass. Thus typically the 

75 aggregates should still be visible to the eye as aggregates (even though some particles may have been 
removed from them) at a time when they can be seen to be uniformly mixed throughout the mass. The 
mixing is normally conducted only for the duration necessary to provide the homogeneous mixture of the 
binder and the particles and so preferably the aggregates are disintegrated into the metal ore particles 
mainly during the last third of the mixing. 

20 The rate of disintegration into the particles during the mixing depends partly upon the nature and 
content of the mass and partly upon the hardness and rate of water uptake of the aggregates. In particular, 
the hardness of the aggregates should be optimised, having regard to any particular particulate ore, so that 
the aggregates disintegrate into the mixture at the optimum time for that particular ore. It Is therefore 
necessary to ensure that the particles in the aggregates are bonded to one another sufficiently strongly that 

25 the aggregates do not disintegrate substantially during normal handling or too early in the mixing process, 
but the bonding must not be so strong that the aggregates are non-friable and do not disintegrate during the 
mixing. The desired strength of aggregates for any particular process can be selected by routine 
optimisation of the aggregating materials and conditions. 

The dry interaction that can result in loose clustering of comminuted polymer fines is not sufficient to 

30 form aggregates for the invention since they will break significantly during normal handling to cause dusting 
problems. 

Friable products can be made by dry compression of particles, but it Is rather difficult to make, by this 
technique, aggregates having an appropriate size and structure for use in pelletising. Preferably therefore 
the aggregates are normally made by bonding the polymer particles by wetting them with an aqueous liquid 

35 to render them adhesive and then aggregating the particles while they are adhesive. Preferably the 
aggregates have a porous texture and so should not be compressed significantly while adhesive. Preferably 
no deliberate compression step is applied while they are tacky. For instance the particles may be wetted 
with the aqueous liquid while entrained in air or carried along a surface and may, if necessary, be 
comminuted to aggregates of the desired size. Suitable apparatus of this type is a spray mix or fluid bed 

40 blender and aggregator. In another method, the polymer particles are stirred with the aqueous liquid to form 
an adhesive mass and this is then comminuted, for instance by extrusion through a screen. The 
comminution steps can be conducted while the mix Is moist but often it is best to dry the mass and then 
comminute any oversize pieces in the mass, e.g., by attrition or sieving. 

The fact that the particles have been aggregated using an aqueous liquid can be seen easily by 

45 microscopic examination. The use of the aqueous liquid causes adjacent particles to merge into each other 
and tends to remove the sharp contours that fines normally have. 

The aqueous liquid may solubilise the polymeric particles sufficiently to render them adhesive by 
solubillsation of the surfaces of the particles. The liquid can consist of water but it can be desirable for this 
liquid to be an emulsion of water in a water immiscible liquid, such as kerosene, or to be an aqueous 

50 solution in a polar solvent such as aqueous methanol, ethanol, isopropanol or acetone. 

The amount of water is selected so as to give the desired degree of adhesiveness. If too much water is 
applied the aggregates may become firmly bonded and hard, tf too little Is used, the aggregates may break 
down too easily. Generally the amount of water is at least 10%, usually at least 30%, on dry weight of 
polymer, but is generally below 120% and often below 80%. 

55 As explained below, the aggregates preferably include also a secondary material that is not a soluble 
polymer. In some instances, especially when the aggregates contain a large amount of such a material, 
mere solubillsation of the surfaces of the soluble polymer particles may be inadequate to provide sufficient 
adhesiveness for bonding the particles within the aggregate. It is then desirable to include an additional 
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bonding agent within the aqueous liquid. 

The aggregate bonding agent that Is Included in this manner is generally a water soluble polymer which 
is preferably non-ionic and can be a natural polymer, such as a starch or cellulosic polymer, or can be a 
synthetic polymer, such as polyvinyl alcohol. 

5 The bonding agent can be ionic, but if the polymer particles are of an ionic polymer then any Ionic 
aggregate bonding agent should be co-ionic. For Instance if the polymer particles are anionic then the 
aggregate binder is preferably a low molecular weight (e.g., below 50.000 and often below 10.000) anionic 
polymer such as sodium potyacrylate. If the polymer particles are of a cationic polymer then any ionic 
t)onding agent is preferably a low molecular weight cationic polymer such as a polyamine. In general, 

10 anionic and cationic aggregate bonding agents can be formed from anionic and cationic monomers, usually 
blended with non-ionic monomer, selected from the same monomers as are discussed below for the 
polymer particles. If aggregate bonding agent is included, its amount is usually below 10%, frequently 0.05 
to 1% based on the weight of aggregate. 

The aggregates are generally rendered substantially non adhesive and dry during or after their 

75 formation, for instance by drying sufficiently to drive off the water, but in some instances it is convenient to 
form the aggregates at the point of use and to mix the moist aggregates into the particulate metal ore 
without prior evaporation of all the water. 

The water soluble, particulate polymer that is in the form of aggregates can be a natural or modified 
natural polymer such as a starch or cellulose, for instance carboxy methyl cellulose polymer, or may be a 

20 synthetic polymer, for instance formed from a water soluble ethylenically unsaturated monomer or monomer 
blend. Generally it is an ionic synthetic polymer formed from anionic or cationic monomer, optionally with a 
non-ionic monomer. It may be amphoteric, being formed from a mixture of cationic and anionic monomers, 
optionally with non-ionic monomer. 

Suitable anionic monomers are ethylenically unsaturated carboxylic acids or sulphonic acids, often in 

25 the form of a water soluble ammonium or, preferably, alkali metal salt. Suitable carboxylic acids are 
methacryllc. rtaconic. maleic or, preferably, acrylic acid. Suitable sulphonic acids include allyl, methallyl. 
vinyl and 2-acrylamido-2-methyl propane sulphonic acids, usually as alkali metal salt. 

Suitable cationic monomers include dialkylaminoalkyi (meth) -acrylamides and -acrylates, usually as 
acid addition or quaternary ammonium salts, and monomers such as dialiyi dimethyl ammonium chloride. 

30 Suitable non-ionic monomers include methacrylamide and acrylamide. 

The polymer is normally unreactive but can include groups that will cause cross linking, for instance 
methylol acrylamide groups or it can be promoted by the addition of glyoxal under appropriate conditions. 
The polymer can include a mixture of water soluble cationic and water soluble anionic polymers in dry form 
since the mixture will be stable when dry but will react to insolubilise the polymer when wet. Thus 

35 aggregates of anionic polymer may be mixed dry with aggregates of cationic polymer. 

The molecular weight of the polymer will normally be selected so that the polymer has the desired 
binding properties, and thus normally the molecular weight is above 1 million. The intrinsic viscosity is 
generally above 2 or 3dl/g. and often above 4dl/g. When the polymer is cationic. values of up to 12 or 
15dl/g are usually adequate but when the polymer is non-ionic or anionic values of up to 25 or 30dl/g may 

40 be used. However the preferred materials are anionic polymers made from a water soluble blend of non- 
ionic ethylenically unsaturated monomer (generally acrylamide) and ethylenically unsaturated carboxylic 
monomer. The amount of this monomer is generally in the range 5 to 30 or 40%. preferably 5 to 20%, by 
weight of total monomers. The polymer preferably has intrinsic viscosity of from 2 to 16dl/g, and for most 
purposes an intrinsic viscosity of about 2 to 6di/g is very satisfactory although values in the range of 3 to 

45 lOdl/g can also give useful results. 

Although the polymer particles can have a size up to, for instance. 500um, they are usually mainly 
below 300um and most usually mainly below 200um and often mainly below 100um. e.g., at least 90% 
below 200um and at least 40% below lOOum. Generally they are at least 10um. but they can be smaller, 
e.g., 1um or less. 

50 The polymer particles can have been made by any convenient polymerisation technique including 
precipitation polymerisation or solution polymerisation, but generally will have been made by gel poly- 
merisation or reverse phase polymerisation. Preferred particles are those that have been made by gel 
polymerisation followed by comminution, for instance in conventional manner. The particles may be the 
entire product of the comminution (thus generally including a spread of particle sizes) or they may be a 

55 nanrow fraction sieved from the entire product (for Instance being the finer particles separated from the 
comminuted product). 

The aggregates can be formed solely from the polymer particles and optionally bonding agent but it Is 
frequentiy desirable to include a secondary material in the mix that is to be aggregated. This material can 
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mcxjify the performance of the aggregates and can facilitate the production of aggregates of any desired 
size by facilitating the comminution of the adhesive mass into the desired aggregates. In particular the 
secondary material can be a disintegrating aid for promoting disintegration of the aggregates. This 
disintegrating aid can be a water insoluble particulate material that will prevent the polymer particles 

5 bonding too strongly to each other and so will promote disintegration. Examples include coal, coke, fine 
metals, limestone, dolomite and clays, provided that the clay does not have a structure such that the 
polymer penetrates firmly into the clay. Generally however the disintegrating aid is highly water soluble, in 
the sense that, when the aggregate Is contacted with water, the disintegrating aid will dissolve faster than 
the polymer particles. Particulate secondary material will usually be t>elow 150um and will usually be 

10 smaller than the polymer particles. 

When pelletising metal ore with a polymeric binder, it is well known to include a pelletising aid. 
Preferably such a material is used in the invention as part of the binder. The pelletising aid is normally a 
water soluble, monomeric material and suitable materials are described In EP 225,171 and 288,150 and in 
U.S. 4.767,449 and 4.802.914. Generally the materials are selected from sodium carbonate, sodium 

75 bicarbonate, sodium silicate, sodium phosphate, sodium stearate. sodium benzoate. sodium tartrate, sodium 
oxylate, sodium citrate, sodium acetate, the corresponding ammonium, potassium, calcium and magnesium 
salts of the preceding sodium salts, urea and calcium oxide, preferably sodium carbonate. 

Sodium carbonate or other such pelletising aid can thus be included in the aggregates so as to promote 
disintegration of the aggregates in the presence of water. Additional pelletising aid can be added to the 

20 particulate metal or separately. However it is particularly preferred in the invention to include particulate 
pelletising aid in the aggregates since this facilitates the production of aggregates having the desired 
friability and flow properties, provides a homogeneous storage stable product and results in easy and 
simultaneous addition of the particulate binder and the pelletising aid. If attempts are made merely to admix 
preformed aggregates to the polymer particles with particulate pelletising aid, there is a tendency for the 

25 pelletising aid to separate from the polymeric aggregates during transport and storage, and this is avoided 
by forming the aggregates from a mixture of the pelletising aid and the polymeric particles. 

Typical content of the aggregates is about 5 to 90% by weight of the water soluble polymer, about 95 
to 10% by weight of the pelletising aid and 0 to 10% by weight of the aggregate bonding agent, but when, 
as is preferred, the aggregates contain substantially all the pelletising aid that is required for the 

30 peltetisation then preferred proportions are about 40 to 70% polymer, about 60 to 30% pelletising aid and 0 
to 10% aggregate bonding agent. 

The aggregates must have at least 90% above lOOum since otherwise their use will be accompanied 
by the problems of flow and dusting of fine polymer particles, and will generally be above 300um. At these 
relatively small sizes, the use of aggregates still gives significant advantages over the use of the 

35 component, smaller, polymeric particles, but the Invention is of particular value when the aggregates are 
substantially all above SOOum, for instance 90% above about 500um, in which event the polymer particles 
are preferably substantially all below 300w.m. If the aggregates are too large, uniform mixing of them into 
the mass may be difficult and so they are usually below 5mm, or at the most 10mm, in size. Aggregates 
having a size of 700um to 3mm are generally preferred. 

40 It should be noted that aggregates suitable for use in the invention, and methods of making them and 
their use in iron ore pelletisation are also described in EP 326,382. This was published after the priority date 
of the present invention and its disclosure of aggregates for iron ore pelletisation has the same priority date, 
and is based on the same priority document, as the present application. 

The binder may include polymer additional to the polymeric aggregates but generally the aggregates 

45 constitute at least 50% of the polymeric content of the binder. It is generally undesirable or unnecessary to 
make any deliberate addition of non-aggregated polymer particles and so preferably substantially all the 
polymer particles in the binder are present as the aggregates. Ideally therefore 100% by weight of the 
particles are provided as aggregates but of course these aggregates are likely to be contaminated with 
small amounts of free component particles and so generally at least 80% by weight of the polymer particles 

50 are provided as aggregates, i.e., at the time of addition of the binder to the particulate metal ore. 

Other binder components can be included either in the aggregates or separately. For instance borax 
and/or sequestering agents such as ethylene diamine tetra acetic acid may be included, preferably in the 
aggregates, so as to improve performance in the presence of salts causing water hardness. Another way of 
achieving this is to include a sulphonated polymer, preferably 2-acrylamido 2-methyl propane sulphonate, 

55 as part or all of the anionic polymer. 

It is sometimes desired to include bentonite as part of the binder. Although this could be included in the 
aggregates it is generally more preferred to keep It separate from the aggregates and to add it sequentially 
or simultaneously to the metal ore with the aggregates. The addition of bentonite with the aggregates gives 
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better performance than the addition of bentonite with the constituent polymer particles of the aggregates. 
We believe that this is because the polymer particles and the aggregates absorb water from the particulate 
mixture more slowly than the constituent particles would, if they had been added in non-aggregated form, 
and that this slower absorption of water by the polymer particles allows the bentonite to be activated more 
5 efficiently by the moisture in the mix. The proportions of bentonite to polymer can be as described in U.S. 
4.767.449. 

The particulate metal ore generally is an iron ore or a titanium-bearing ore, but can be any metal ore 
that Is capable of being pelletised. The moist peiletisable mixture must contain an amount of water that Is 
appropriate for activation of the binder and, as is known, the optimum amount of water for this purpose will 
10 vary according to the nature of the ore and the pelletising and other process conditions. Generally It is in 
the range 5 to 15% by weight of the total mixture. Some or all of the water for this purpose may be added 
deliberately to the mixture but generally most or all of the moisture is introduced initially with the 
components of the mixture, in particular as a result of the use of damp particulate metal ore. 

The pellets are made by conventional techniques that do not involve compression such as the 
75 conventional tumbling, rolling or balling pelletising techniques. The particle size of the metal ore will be 
conventional for pelletisation and is typically below lOOum, often mainly below 50um. The pellets are 
normally dried and fired, after manufacture and before use. 

They can have conventional size for ore pellets. 

In general, the pelletising techniques, materials and products may be conventional, for Instance as in 
20 EP 225171, except that the binder is added in the form of the aggregates. 
The following are some examples. 

Example 1 

25 A copolymer of about 60% by weight acrylamide and 40% by weight sodium acrylate and having IV 
about lOdl/g is formed by gel polymerisation and it was then dried and comminuted to particles 100% 
below 200um, in conventional manner. 250g of these particles are mixed with 250g sodium carbonate 
particles 100% below 200M.m in the bowl of a Hobart food mixer with various amounts of water and is 
stirred until the mass has a uniform friability. The amounts of water that are added ranged from 0.15 parts 

30 to 1 part per part by weight of polymer and sodium carbonate mixture and it is found that increasing the 
amount of water give stronger bonding of the aggregates. 

The moist mixture is allowed to dry in air for two days and is then forced through a 2mm sieve in order 
to break the brittle but friable product into aggregates to give a product 90% above 125jim and 72% below 
710um. 

35 

Example 2 

The process of example 1 is repeated but using copolymers of acrylamide and, respectively, 35%, 20% 
and 10% sodium acrylate with Intrinsic viscosities of, respectively, about 6dl/g, about 6dl/g and about 3dl/g. 

40 

Example 3 

The process of example 1 is repeated using a copolymer of 80% by weight acrylamide and 20% by 
weight sodium acrylate having intrinsic viscosity about 6dl/g and the water used for bonding the particles 
45 included polyvinyl alcohol. 

Example 4 

In processes according to the invention, aggregates made in preceding examples are scattered at a 
50 dose of 0.06% by weight on to a particulate iron ore concentrate having a moisture content of 9.3% and a 
particle size below 50um, are thoroughly mixed into the concentrate, and the blend is then converted to 
pellets in a balling drum and fired in conventional manner. In a comparison, the same Iron ore concentrate 
has the same dosage of binder added to it but the binder is added in the form of the starting particles of 
sodium carbonate and the starting particles of polymer. In other processes, 0.04% of the aggregate and 
55 0.2% bentonite are added together. In other processes the aggregates are not dried (thereby saving drying 
energy) prior to addition to the ore. 

In all of the processes the addition of the aggregates is very much easier to perform from the point of 
view of flow and handling properties and minimisation of polymer dusting problems, relative to the use of 
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the non-aggregated polymer particles. 

In all processes, the amount of entrained iron ore particles in the air forced through a bed of the pellets, 
during firing, is observed. It is consistently seen to be satisfactorily low. However in a further comparison, 
where the polymer used in example 3 is introduced in the form of non-aggregated particles having a size 
5 above 500um a significant amount of metal ore dust is entrained by the air. 

Typical results obtainable in this example are shown below, and demonstrate that the improved 
handling and reduced ore dusting advantages of the invention are associated with pelletising properties that 
are at least as good, and often better, than when the polymer Is added in the form of free particles. 
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Claims 

1. A process in which, pellets of a particulate metal ore are made by distributing a binder comprising water 
soluble polymer particles throughout the particulate ore In the presence of an activating amount of 
water to form an initial mix, homogeneously mixing the initial mix to form a moist pelletlsable mixture 
and pelletising the pelletlsable mixture by a pelletisation technique that is not a compression technique, 
characterised in that the binder comprises aggregates of the polymer particles, at least 90% by weight 
of the aggregates have a size above lOOum and the aggregates are disintegrated during the process. 

2. A process according to claim 1 in which the binder also includes a pelletising aid. 

3- A process according to claim 2 in which the pelletising aid is included in the aggregates and is a water 
soluble monomeric compound that promotes disintegration of the aggregates in the presence of water. 

4. A process according to claim 2 or claim 3 in which substantially all the pelletising aid Is included in the 
aggregates in admixture with the polymer particles. 

5. A process according to any of claims 2 to 4 in which the pelletising aid is selected from sodium 
carbonate, sodium bicarbonate, sodium silicate, sodium phosphate, sodium stearate, sodium benzoate, 
sodium tartrate, sodium oxylate, sodium citrate, sodium acetate, the corresponding ammonium, potas- 
sium, calcium and magnesium salts of the preceding sodium salts, urea and calcium oxide, preferably 
sodium carbonate. 

6. A process according to any preceding claim in which the binder also Includes bentonite. 

7. A process according to any preceding claim in which the aggregates have been formed by aggregation 
of the polymer particles in the presence of aqueous liquid substantially without the application of 
pressure. 

8. A process according to claim 7 in which the aqueous liquid included water soluble polymeric bonding 
agent. 

9. A process according to claim 7 or claim 8 in which the aggregates are added to the pariculate ore 
substantially without intermediate drying. 
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10. A process according to any preceding claim in which the aggregates are added to the particulate ore 
while dry. 

11. A process according to any of claims 2 to 4 in which the aggregates are formed of 40 to 70% by 
5 weight of the polymer particles. 60 to 30% by weight pelletising aid and 0 to 10% by weight water 

soluble polymeric bonding agent. 

12. A process according to any preceding claim in which the aggregates are substantially all above SOOum 
and are formed from polymer particles substantially all below SOOum. 

10 

13. A process according to claim 12 in which the aggregates are substantially all SOOum to 3mm and are 
formed from polymer particles at least 90% below 200um and at least 40% below 100um. 

14. A process according to any preceding claim in which substantially all the water soluble polymer 
75 particles in the binder are added to the ore while in the form of the aggregates. 

15. A process according to any preceding claim in which the aggregates are disintegrated mainly after the 
formation of the initial mix. 

20 16. A process according to any preceding claim in which the water soluble polymer that is present as 
particles in the aggregates is selected from water soluble starches, water soluble celluloses and water 
soluble polymers of one or more ethylenically unsaturated monomers and has a molecular weight of at 

least 1 million. 

25 17. A process according to claim 16 in which the polymer is an anionic polymer made from a water soluble 
blend of non-ionic ethylenically unsaturated monomer and ethylenically unsaturated carboxylic mon- 
omer in an amount of 5 to 20% by weight of total monomers and has intrinsic viscosity of about 2 to 
about 16dl/g. 

30 18. A process according to any preceding claim in which the metal ore is selected from iron ore and 
titanium-bearing ores, the total amount of water in the moist pelletisable mixture is 5 to 15% by weight, 
and the pelletisation is by tumbling, rolling or balling followed by firing. 

19. A binder for use in the process of any preceding claim comprising aggregates having a size mainly 
35 above lOOum of water soluble polymer particles and that contain 5 to 90% by weight of the polymer 
particles. 95 to 10% by weight pelletising aid and 0 to 10% by weight aggregate bonding agent. 

Patentanspriiche 

40 1. Verfahren, in dem Pellets eines teilchenformigen Metallerzes hergestellt werden, indem ein Bindemittel, 
welches wasserlosliche Polymertellchen umfaBt, Oberall in dem teilchenformigen Erz in Gegenwart 
einer aktivierenden Menge von Wasser verteilt wird, um eine Anfangsmischung zu bilden, die Anfangs- 
mischung homogen gemischt wird, um eine feuchte pelletierbare Mischung zu bilden, und die 
pelletierbare Mischung durch eine Pelletiertechnik. die keine Kompressionstechnik ist, pelletiert wird, 

45 dadurch gekennzeichnet, daB das Bindemittel Aggregate der Polymertellchen umfaBt, wobei minde- 
stens 90 Gewichts-% der Aggregate eine GroBe uber 100 ixm aufweisen und die Aggregate wahrend 
des Verfahrens zerteilt werden. 

2. Verfahren nach Anspruch 1, worin das Bindemittel auch ein Pelletier-Hilfsmittel einschlieBt. 

50 

3. Verfahren nach Anspruch 2, worin das Pelletier-Hilfsmittel in die Aggregate eingeschlossen ist und eine 
wasserlosliche monomere Verbindung darstellt, welche die Zerteilung der Aggregate in Gegenwart von 
Wasser fordert. 

55 4. Verfahren nach Anspruch 2 oder 3. worin im wesentlichen das gesamte Pelletier-Hilfsmittel in den 
Aggregaten in Beimischung zu den Polymerteilchen eingeschlossen ist 
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5. Verfahren nach irgendeinem der Anspruche 2 bis 4. worin das Pelletier-Hilfsmittet ausgewahit ist aus 
Natriumcarbonat, Natriumbicarbonat, Natriumsilicat. Natriumphosphat. Natriumstearat Natriumbenzoat, 
Natriumtartrat, Natriumoxylat. Natriumcltrat, Natriumacetat, denkorrespondierenden Ammonium-. Kali- 
um-, Calcium- und Magneslumsalzen der vorhergehenden Natriumsalze. Hamstoff und Calciumoxid. 

5 vorzugswelse Natriumcarbonat. 

6. Verfahren nach irgendeinem der vorhergehenden Anspruche, worin das Bindemittel auch Bentonit 
einschlieBt. 

10 7. Verfahren nach irgendeinem der vorhergehenden AnsprOche, worin die Aggregate durch Aggregation 
der Polymerteiichen in Gegenwart von waBriger RUssigkeit Im wesentlichen ohne die Anwendung von 
Druck gebildet worden sind. 

8. Verfahren nach Anspruch 7» worin die waBrige Flussigkeit ein wasserlostiches polymeres bindendes 
15 Agens einschlieBt. 

9. Verfahren nach Anspruch 7 oder 8. worin die Aggregate zu dem teiichenformigen Erz im wesentlichen 
ohne Zwischentrocknung zugegeben werden. 

20 10. Verfahren nach irgendeinem der vorhergehenden Anspruche, worin die Aggregate zu dem teiichenfor- 
migen Erz zugegeben werden, wenn sie trocken sind. 

11. Verfahren nach irgendeinem der Anspruche 2 bis 4, worin die Aggregate aus 40 bis 70 Gewichts-% der 
Polymerteiichen. 60 bis 30 Gewichts-% Pelletier-Hilfsmlttel und 0 bis 10 Gewichts-% wasseriSslichem 

25 polymerem bindendem Agens gebildet sind. 

12. Verfahren nach irgendeinem der vorhergehenden Anspruche, worin die Aggregate im wesentlichen alle 
uber 500 um sind und aus Polymerteiichen gebildet sind, die im wesentlichen alle unter 300 um sind. 

30 13. Verfahren nach Anspruch 12, worin die Aggregate im wesentlichen alle 500 um bis 3 mm sind und aus 
Polymerteiichen gebildet sind, die mindestens zu 90% unter 200 um und mindestens zu 40% unter 
100 um sind. 

14. Verfahren nach irgendeinem der vorhergehenden AnsprUche, worin im wesentlichen alle wasserlosli- 
35 Chen Polymerteiichen im Bindemittel zu dem Erz zugegeben werden, wahrend sie in Form der 

Aggregate voriiegen. 

15. Verfahren nach irgendeinem der vorhergehenden Anspruche, worin die Aggregate groBtenteils nach der 
Bildung der Anfangsmischung zerteilt werden. 

40 

16. Verfahren nach irgendeinem der vorhergehenden AnsprUche, worin das wasseriosliche Polymer, das 
als Teilchen in den Aggregaten vorliegt, aus wasserloslichen Starken, wasserioslichen Cellulosen und 
wasserloslichen Polymeren von einem oder mehr ethylenisch ungesattigten Monomeren ausgewahit ist 
und ein Molekulargewicht von mindestens 1 Million aufwelst. 

45 

17. Verfahren nach Anspruch 16. worin das Polymer ein anionisches Polymer ist, das aus einer wasseriosli- 
chen Mischung von nicht-ionischem ethylenisch ungesattigtem Monomer und ethylenisch ungesattig- 
tem Carbonsauremonomer in einer Menge von 5 bis 20 Gewichts-% der Gesamtmonomeren hergestellt 
ist und eine intrinsische Viskositat von etwa 2 bis etwa 16 dl/g aufweist. 

50 

18. Verfahren nach irgendeinem der vorhergehenden Anspruche, worin das Metallerz aus Eisenerz und 
titanhaltigen Erzen ausgew3hlt Ist, wobei die Gesamtmenge an Wasser in der feuchten pelletierbaren 
Mischung 5 bis 15 Gewichts-% betragt und die Pelletierung durch Trommein, Walzen oder Zusammen- 
ballen, gefolgt von Brennen, erfolgt 

55 

19. Bindemittel zur Ven^rendung im Verfahren nach irgendeinem der vorhergehenden Anspruche, welches 
Aggregate der wasserl5sllchen Polymerteiichen mit einer GrdBe grdBtentells Qber 100 um umfaBt, die 
5 bis 90 Gewlchts-% Polymerteiichen, 95 bis 10 Gewichts-% Pelletier-Hilfsmlttel und 0 bis 10 
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Gewichts-% Aggregat-bindendes Agens enthalten. 
Revendications 

5 1. Precede selon lequel on fabrique des pastilles ou boulettes d'un minerai de metal particulaire en 
r^partissant un liant constitu§ d'eau at de particules de polym^re solubles dans le minerai particulaire 
en presence d'une quantite activante d'eau pour former un melange initial, on malaxe le melange initial 
de mani^re homog^ne pour former un melange humide transformable en pastilles ou boulettes et on 
transforme ce melange en pastilles ou boulettes par une technique de transformation en pastilles ou 

10 boulettes qui n'est pas une technique a compression, caracterise en ce que le liant est constitue 
d'agregats de particules de polymere. au moins 90% en poids des agregats ont un calibre sup^rieur h 
100 urn et les agregats sent desintegres au cours du precede. 

2. Precede suivant la revendication 1 , caracterise en ce que le liant comprend egalement un adjuvant de 
15 transformation en pastilles ou boulettes. 

3. Precede suivant la revendication 2. caract^ris^ en ce que I'adjuvant de transformation en pastilles ou 
boulettes est Indus dans ies agregats et est un compost monomerique soluble dans Teau, qui favorise 
la disintegration des agregats en presence d'eau. 

20 

4. Precede suivant la revendication 2 ou la revendication 3, caracterise en ce que sensiblement la totality 
de Tadjuvant de transformation en pastilles ou boulettes est Indus dans les agregats en melange aux 
particules de polymere. 

25 5. Precede suivant Tune quelconque des revendications 2 a 4, caracterise en ce que Ton choisit I'adjuvant 
de transformation en pastilles ou boulettes parmi le carbonate de sodium, le bicart)enate de sodium, le 
silicate de sodium, le phosphate de sodium, le stearate de sodium, le benzoate de sodium, le tartrate 
de sodium, I'oxylate de sodium, le citrate de sodium. Tacitate de sodium, les sels d'ammonium, de 
potassium, de calcium et de magnesium correspondants des sels de sodium pricedemment citis, 

30 Turie et I'oxyde de calcium, de preference la carbonate de sodium. 

6. Precede suivant I'une quelconque des revendications precedentes, caracterise en ce que le liant 
comprend egalement de la bentenite. 

35 7. Precede suivant I'une quelconque des revendications precedentes, caracterise en ce que les agregats 
ont ete formes par Tagregation des particules de polymere en presence d'un liquide aqueux, 
sensiblement sans rapplication de pression. 

8. Precede suivant la revendication 7, caracterise en ce que le liquide aqueux comprend un agent liant 
40 polymerique soluble dans Teau. 

9. Precede suivant la revendication 7 ou la revendication 8, caracterise en ce que Ton ajoute les agregats 
au minerai particulaire sensiblement sans sechage intermediaire. 

45 10. Precede suivant Tune quelconque des revendications precedentes, caracterise en ce que Ton ajoute les 
agregats au minerai particulaire k sec. 

11. Precede suivant I'une quelconque des revendications 2^4, caracterise en ce que les agregats sent 
formes de 40 a 70% en poids de particules de polymere, 60 a 30% en poids d'adjuvant de 

50 transformation en pastilles ou boulettes et 0 It 10% en poids d'agent liant polymerique soluble dans 
Teau. 

12. Precede suivant I'une quelconque des revendications precedentes, caracterise en ce que les agrigats 
sent sensiblement tous d'un calibre superieur a 500 um et sent formes k partir de particules de 

55 polym&re qui ont sensiblement toutes un calibre infirieur h 300 um. 

13. Precede suivant la revendication 12. caracterise en ce que les agregats ont sensiblement tous un 
calibre qui varie de 500 um k 300 mm et sent formes k partir de particules de polymere dent au moins 
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90% ont un calibre inf^rieur k 200 um et au moins 40%, un calibre Inf^rieur ^100 urn. 

14. Procede suivant Tune quelconque des revendicatlons prec^dentes, caracterlse en ce que sensiblement 
toutes les particules de polym^re solubles dans Teau dans le liant sont ajout^es au minerai. cependant 

5 qu'elles se pr^sentent sous la forme des agregats. 

15. Procede suivant t'une quelconque des revendicatlons precedentes. caracterise en ce que les agregats 
sont d^sint^gr^s princlpalement apr^s la formation du melange initial. 

10 16. Proc4d6 suivant Tune quelconque des revendicatlons precedentes, caracterise en ce que le polymire 
soluble dans I'eau, qui est present sous forme de particules dans les agregats, est choisi parmi les 
amidons solubles dans Teau, les celluloses solubles dans Teau et les polymeres solubles dans I'eau 
d'un ou plusieurs monomdres ethyienlquement insatures et poss^de un poids moieculaire d'au moins 1 
million. 

75 

17. Procede suivant la revendication 16, caracterise en ce que le polym^re est un polymere anionlque 
prepare h partir d*un melange soluble dans I'eau d'un monomere non lonique et ethyienlquement 
insature et d'un monom^re carboxylique ethyienlquement insature, en une proportion de 5 ^ 20% en 
poids des monomeres totaux et poss^de une viscoslte intrins^que d'envtron 2 k environ 16 dl/g. 

20 

1& Precede suivant I'une quelconque des revendicatlons precedentes, caracterise en ce que Ton choisit le 
minerai de metal parmi le mineral de fer et les minerals titaniteres. la quantlte totale d'eau dans le 
melange humide transformable en pastilles ou boulettes varie de 5 h 15% en poids et la transfomnation 
en pastilles ou boulettes s'effectue par cubultement. par laminage ou par broyage aux boulets, que Ton 
25 fait suivre d'un traitement thermique ou d'une calcination. 

19. Liant a utiliser pour la mise en oeuvre du precede suivant Tune quelconque des revendications 
precedentes, caracterise en ce qu'il est constitue d'agregats possedant un calibre princlpalement 
superieur a 100 um de particules de polymere solubles dans I'eau et en ce qu'il contient 5 k 90% en 
30 poids de particules de polymere, 95 k 10% en poids d'adjuvant de transformation en pastilles ou 
boulettes et 0 ^ 10% en poids d'un agent de liaison pour I'agregat. 
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